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ABSTRACT
Objective: The assessment of the antimicrobial activity of Hymenaea courbaril L. on different microorganisms was realized with four bacteria, 
Escherichia coli, Staphylococcus aureus, Bacillus subtilis, and Pseudomonas aeruginosa, two yeasts Candida albicans and Saccharomyces cerevisiae, and 
finally two filamentous fungi Aspergillus niger.
Methods: The method of plates and wells was used, using extracts from the fruit of the plant mentioned above. These extracts were made with 
different solvents such as hexane, dichloromethane, ethanol, and aqueous.
Results: It was determined that the dichloromethane extract of H. courbaril L. has antimicrobial activity against the bacterium S. aureus showing a 
percentage of inhibition of 1.47%.
Conclusions: In comparison to bacteria, fungi do not represent a significant inhibitory capacity which represents that when comparing these extracts 
of this plant, under the test conditions evaluated, it was presented that they obtained antimicrobial activity against S. aureus.
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INTRODUCTION
The traditional system of herbal medicine has become a topic of global 
importance since they are considered as rich sources of lead compounds 
and quietly safe for both human use and environment friendly [1]. 
Plants have played a fundamental role in the life of man who has used 
them to meet basic needs such as food, medicine, shelter, and clothing, 
even in ritual acts. The use of plants is a practice that exists since the 
beginning of the human species [2]. On the other hand, plants have 
been able to develop different strategies to defend against pathogenic 
microorganisms, such as the production of secondary metabolites 
with antimicrobial activity. Some secondary metabolites are terpenes, 
phenols, flavonoids, quinines, tannins, and alkaloids, which are used for 
the production of phytomedicines due to its antimicrobial properties. 
These are products made with the purpose of treating different diseases 
where one of the main ingredients may be extracts of plant origin [2]. 
World plant biodiversity is the largest source of herbal medicine, and 
still, about 60–80% world population rely on plant-based medicines 
which are being used since the ancient ages as traditional health-care 
system [3].
METHODS
Obtaining strains of bacteria such as Escherichia coli (CMPUJ: 034), 
Staphylococcus aureus (CMPUJ: 370), Bacillus subtilis, and Pseudomonas 
aeruginosa (CMPUJ: 065) and fungi such as Candida albicans 
(CMPUJ: H0 22), Saccharomyces cerevisiae (CMPUJ: H042), Penicillium 
chrysogenum (CMPUJ: H061), and Aspergillus niger (CMPUJ: H002) 
provided by Pontifical Javeriana University bacteria and fungi 
microorganism collection.
Preparation of extracts
According to the method described by Dah-Nouvlessounon et al. [4,5], 
the extraction process was carried out with the fruit of the plant 
separately, using Soxhlet extraction and using as solvents hexane, 
dichloromethane, ethanol, and aqueous. These extracts were solubilized 
and brought to a final concentration of 100 mg/mL in dimethyl sulfoxide 
(DMSO) for later use.
Preparation of inoculums
This method starts with preparation of the microorganisms’ suspension 
for test and validation, from a bacterial suspension where values are 
giving in a number of colonies forming units (CFU) 1.5×108 CFU/ml. 
From microorganisms sown in TSA and PDA for bacteria and fungi, 
respectively, isolated colonies were taken with a sterile handle and 
subsequently added to a sterile peptide water tube, where it serves for 
the recovery of microorganisms, to obtain a turbidity and 108 cells/mL 
on the McFarland scale. The media used were TSA for Bacterias and 
PDA for fungi. For the TSA preparation, 10.56 g of commercial TSA was 
prepared and added to a Schott bottle with 264 mL of distilled water 
under stirring and constant temperature. Subsequently, the medium 
was completely homogenized with the water and the medium was 
sterilized in an autoclave at a temperature of 121°C. For the preparation 
of PDA used for the cultivation of fungi and yeasts, 24.38 g of commercial 
PDA was seized and added to a Schott bottle with 264 mL of distilled 
water under stirring and constant temperature. It shakes up homogen 
medium with water and sterilized the autoclave medium at 121°C.
Preparation of controls
DMSO was used as a negative control in each microorganism and a 
commercial antifungal (surgical) for bacteria and fungi was used as a 
positive control. A volume of 30 μl was used in each control.
Preparation and identification of Petri boxes
From the inocules made, an aliquot of 50 mL was taken and added to 
500 mL of TSA and sterile molten PDA. Subsequently, approximately 
22 mL of inoculated medium was added to Petri boxes with the strain of 
each microorganism and the agar layer was solidified.
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When the medium solidified, 6 holes were performed on the agar 
(Fig. 1), from the agar surface to the base of the box with the help of 
an inverted pipette. Finally, extracts were added in 4 wells in different 
volumes (10 μl, 20 μl, 30 μl, and 50 μl) and in 2 wells which are both 
positive and negative controls, 30 μl of Quirucidal and DMSO were 
added, respectively.
Reading and analyzing results
Finishing the incubation time was performed the reading of the 
inhibition halos obtained in each well, subtracting the diameter 
of the well. Inhibition halos were expressed in centimeters (cm) 
and antimicrobial activity was determined as a relative inhibition 









Where, Di is the diameter of the zone of inhibition of the extract, Dn is 
the zone of inhibition diameter of the negative control, and Dp is the 
diameter of the zone of inhibition of the positive control, where DMS 
and Quirucidal were used as antifungal, respectively.
Statistical model
Taking into account that fractions independent samples are available, 
the test is applied to contrast the effect of the fraction and the volume 
on the observed variable inhibition percentage: yij
yij = µ+τi+θj+τθij+εij
Where, 
τi: Effect of the type of the fraction
θj: Effect of the volume
µ: Medium
τθij: Effect produced by the interaction between the fraction and the 
volume
εij: Random error
The levels of the fractions are: i=1=hexane; i=2=Dichloromethane-
3-Aqueous volume factor levels are: j=1=10 uL; j=2=0 uL; j=3=30 uL; 
j=4=50 uL
Testing on fractions
In this case, it was tested if there are significant differences in the 
percentage of inhibition over the bacteria by the type of fraction, then 
the hypotheses are
H0: The answer (inhibition) is the same about the bacteria S. aureus 
in each of the fractions. H1: At least one response (inhibition) is 
significantly different about S. aureus bacteria due to the extract
ij0 y y j
H :µ =µê
In other words, we want to verify if there are significant differences on 
the inhibition response by the effect of the fraction.
To perform this test, it must first be verified that the percentage 
inhibition variable meets the conditions of the variance analysis.
Normality test
This test contrasts the observed variable with the quartiles of the 
normal distribution. Within the different tests, the Shapiro–Wilk test 
was applied, which with p<0.05 (significance value) rejects the null 
hypothesis which means that the variable has significant differences 
with the quants of the normal distribution.
Equality of variances
Test considering that it was not significant for normality, and then, a 
test of equal variances called homoscedasticity was performed, using 
the Levene test.
H :
1 y y jij
  K
The result of the test shows that it is significant for equal variances for 
the two populations of microorganisms, because p value in both cases 
is <0.05.
RESULTS
The results revealed that the extract of Hymenaea courbaril L. fruit in the 
hexane, dichloromethane, and aqueous fraction showed antibacterial 
activity. The antimicrobial activity of fruit extracts from H. courbaril L. 
plant was assessed using the plaques and wells method, on different 
microorganisms: The bacteria used were E. coli, S. aureus, B. subtilis, and 
P. aeruginosa; filamentous mushrooms such as P. chrysogenum and A. 
niger; and for yeast S. cerevisiae and C. albicans. Variation factors in the 
inhibition response were related to the solvents used and the different 
volumes of 10 µL, 20 µL, 30 µL and 50 µL.
As for negative control, there was no antimicrobial activity against the 
microorganisms studied, while positive controls exhibited antimicrobial 
activity, which varied depending on the microorganism. Therefore, for 
each experiment, the inhibition percentage was calculated.
As shown in Table 1, the extract of H. courbaril L. fruit in the hexane, 
dichloromethane, and aqueous fraction showed antibacterial activity. The 
fraction in dichloromethane is the one that has the best activity for the 
microorganism S. aureus; also, the hexane fraction recorded a percentage 
activity of 0, while dichloromethane has activity in 90% of cases.
For the case of the microorganism B. subtilis, the greatest activity is in 
aqueous. On the other hand, S. aureus is the bacterium that exhibited 
the most sensitivity to all the different extracts (Figs. 2 and 3). On the 
other hand, no inhibition zone was recorded over the bacteria E. coli 
and P. aeruginosa, which means their resistance to the different ones 
in the extracts.
For B. subtilis case, the aqueous fraction had a higher potential 
antibacterial activity without % zero inhibition for the unlike hexane, 
Figs. 4 and 5.
Fig. 1: Petri box preparation scheme for microbiological power 
determination from the plate and well method. A positive control 
(C+), a negative control (C−), and different volumes of the extract 
are used
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In addition, it was observed that there was no antifungal activity on the 
whole of fungi. They did not present a sensitivity to the extracts presented 
in this study. In addition, antimicrobial activity on fungi is not shown, where 
no extract is observed to exhibit inhibition against fungi and yeasts used.
DISCUSSION
The bacteria E. coli and P. aeruginosa did not register any inhibition 
zone, this could occur because they are Gram-negative bacteria and 
the composition of their cell wall, this natural resistance, is mainly 
due to the presence of an unpermeable outer membrane. According to 
a study by Fernandez et al., 2005 [7], H. courbaril L. inhibited 36.6% 
of all Gram-positive isolations, including S. aureus and a percentage 
of inhibition was not observed with respect to Gram-negative 
bacteria. Both at present studied and in the research of Fernandez et 
al., reduced antimicrobial activity was shown in the four extracts in 
Gram-negative bacteria, one of the reasons why an inhibitory effect 
could be evident is because there were various chemical components 
in plants that can inhibit certain microorganisms, such as flavonoids 
and tannins. As for flavonoids, they are substances widely distributed 
in nature and contribute to the coloration of flowers, fruits, and leaves. 
Different studies describe anti-inflammatory and antioxidant activity 
in flavonoids. Likewise, authors describe phenols and flavonoids as the 
most widely found secondary metabolites found in plants. Secondary 
metabolites present in plants. Phenols are aromatic compounds which 
contain one or several hydroxyl groups directly attached to the benzene 
ring. Phenolic compounds exhibit antioxidant, antimutagenic, and 
anticancer activities [8,9].
Among flavonoids are the quercetin that has a higher antibacterial 
activity [10,11] significantly inhibiting E. coli and P. aeruginosa, although 
there is a stronger bacteriostatic effect against the bacteria S. aureus, 
due to differences than differences than differences that presented 
with Gram-negative bacteria in cell wall and membrane structure and 
Fig. 2: Inhibition activity on Staphylococcus aureus
Fig. 3: Inhibition of Staphylococcus aureus against the most 
efficient extracts with the respective volume used
composition, this compares with the results present in this study since 
none of the Gram-negative bacteria exhibited inhibition halos. S. aureus 
is the microorganism who had the highest percentage of inhibition with 
dichloromethane extract, as shown in Fig. 3 [12].
All the used solvents do not have the same extraction capacity because 
the yields vary according to the solvents. The variability of yields 
could be explained by the ability of extracting of each solvent which 
depends first on the solvent affinity with the phytomolecules and, on 
the other hand, the polarity of the solvent. For the four solvents used 
with H. courbaril L. fruit extract against C. albicans and S. cerevisiae 
yeasts, unlike bacteria these yeasts exhibited no antimicrobial activity, 
showing no antimicrobial activity, showing no inhibition halos only 
in positive controls with commercial Quirucidal, the same result was 
evident in the filamentous fungi P. chrysogenum and A. niger. Although 
the cell wall of filamentous fungi is composed of glucan (30–80%), 
chitin and chitosan (1–15%), manane, and glycoproteins, similar to 
the composition of the cell wall of yeasts differing in the amounts 
of each compound, specifically in chitin [13]. Where chitin allows 
greater resistance to antifungals because it increases when the cell 
wall is being affected by some compound, with the above mentioned, 
it can be said that when the cell has high levels of chitin which is less 
susceptible to an antifungal and this is reflected in this study where 
fungi and yeasts had no sensitivity or percentage of inhibition in the 
solvents evaluated [8].
In a study by Tamayo et al. [14,15], the ethanolic extract demonstrated 
antifungal activity against a plant pathogen Pestalo tiasubculturalis, 
at a concentration of 3.0 mg/ml. This ethanolic extract and resin 
have demonstrated antimicrobial activity against B. subtilis, E. coli, P. 
aeruginosa, S. aureus, A. niger, and C. albicans. On the other hand, it has 
been documented that it has activity against a wide range of yeasts 
Fig. 4: Bacillus subtilis inhibition activity
Fig. 5: Inhibition of Bacillus subtilis against the two most efficient 
extracts with the respective volume used
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including Candida. Other clinical studies that have been developed 
have shown that it has antimicrobial properties and antibacterial 
activities, including in vitro actions against organisms such as E. coli, 
Pseudomonas, Staphylococcus, and Bacillus. In addition, an aqueous 
extract of the leaves of this plant has demonstrated significant 
hypoglycemic activity, producing a significant reduction in blood 
sugar levels [16,17].
CONCLUSIONS
Dichloromethane and aqueous extract used had the highest 
antibacterial activity, respectively, in the experiments conducted 
against Gram-positive bacteria S. aureus and B. subtilis, promise as a 
potential source of pharmaceutically important phytochemicals. The 
antimicrobial activity of H. courbaril L. fruit was evaluated against 
bacteria and fungi where quite a few cases have been reported in the 
pathologies presented in humans and this plant was shown to have the 
ability to significantly inhibit in terms of extracts. As for the fungi used 
in this study, they did not present any percentage of inhibition against 
the extracts used, due to their cell wall or the low concentrations of the 
compounds.
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Table 1: Percentage of average inhibition of extracts that exhibited 
antibacterial activity of the fruit of Hymenaea courbaril L.












Bacillus subtilis Control + 2.77
Hexano 1.27 1.17
Control + 1.27
